Background
Introduction
Henoch-Schönlein purpura (HSP) is a leukocytoclastic vasculitis with immunoglobulin A (IgA) deposition [1] [2] [3] . It typically involves the small vessels of the skin, gastrointestinal (GI) tract, joints, and kidneys [4] . Although the prognosis of HSP is generally good, the development of potentially life-threatening conditions, including GI bleeding and end-stage renal disease (ESRD), can be a concern in the management of HSP [2, 5, 6] . Because it has been suggested that early corticosteroid administration might be helpful in improving clinical outcomes, including symptom relief and risk of surgical intervention [7] [8] [9] , a reliable prognostic marker is required to select patients who should be treated with corticosteroid.
Several laboratory tests, including the neutrophil-to-lymphocyte ratio (NLR), mean platelet volume, D-dimer, and fibrinogen degradation product, have been suggested as prognostic markers in children with HSP [10] [11] [12] [13] . However, laboratory markers for predicting poor prognosis in adult patients have been poorly studied. Because the clinical manifestation and disease course of HSP differ between adults and children, prognostic markers for adult patients should be evaluated separately. Adult patients with HSP often show more serious GI bleeding, requiring red blood cell (RBC) transfusion or surgery, compared to children [1] [2] [3] . Additionally, renal involvement of HSP and the development of chronic kidney disease are more common in adults than in children [14, 15] . Therefore, there is a greater need for a reliable prognostic marker of HSP in adult patients than in pediatric patients.
Among the prognostic markers in children with HSP, we were interested in NLR, a measurement of systemic inflammation, because it is also a well-known risk factor of various adult diseases, including cardiovascular disease, liver cirrhosis, various cancers, and inflammation in ESRD patients [16] [17] [18] [19] . If the development of potentially life-threatening disease, including GI bleeding and ESRD, is associated with a severe immune response, the NLR may also be associated with the poor prognosis of patients with HSP. Here, we evaluated whether the NLR is associated with the prognosis of adult patients with HSP. Furthermore, we aimed to define the optimal cut-off values of NLR for predicting disease course for clinical use.
Methods
We retrospectively reviewed the clinical records of patients who were diagnosed with HSP at Hanyang University Guri Hospital, Guri, Korea, between June 2004 and August 2015. Patients were assessed by the criteria of Michel et al. [3] Using the Michel's method, patients who met three or more following criteria were diagnosed with HSP: (1) palpable purpura, (2) bowel angina, (3) GI bleeding, (4) hematuria, and (5) absence of medication. Patients who were younger than 18 years were excluded. Patients with immunologic disorders were also excluded because the disease or medication can affect NLR regardless of severity of HSP. We collected the following data from patient medical records: demographics, comorbidities, presenting symptoms, initial laboratory data, and treatment outcomes. The NLR was calculated based on the results of a complete blood count test (CBC) performed during the first visit to the hospital. All blood samples were tested within 30 minutes in the laboratory of our institution. Any treat-ment for patients with HSP had started after blood sampling for laboratory tests including CBC. Institutional Review Board on Human Subjects Research and Ethics Committees of Hanyang University Guri Hospital approved this study. Patient records/information was anonymized and de-identified prior to analysis.
Assessment of gastrointestinal bleeding and renal involvement
When patients showed clinical signs of GI bleeding, including hematemesis, melena, and hematochezia, esophagogastroduodenoscopy (EGD) and colonoscopy were performed to identify the source of bleeding. Mucosal biopsies were performed when deemed necessary by the endoscopist. Histological findings of small vessel vasculitis with polymorphonuclear leukocyte infiltration (leukocytoclastic vasculitis) were regarded as the characteristic pathologic findings of HSP. Additionally, either an abdominal CT scan or ultrasonography was performed on patients with GI bleeding and abdominal pain in order to assess the cause of GI bleeding or abdominal pain.
In addition, all patients were tested via urinalysis and serum creatinine to assess the renal involvement of HSP. When patients showed hematuria (>5 RBCs per high power microscopic field in a centrifuged specimen) or proteinuria (>300 mg/24 hours), a renal biopsy was recommended for further evaluation. In immunofluorescence assays, the predominance of mesangial IgA among glomerular immunoglobulin deposits was regarded as the pathologic finding of renal involvement of HSP.
Treatment method and outcomes
Supportive care including resting and intravenous hydration was a mainstay of treatment in patients with HSP. However, some patients who showed severe abdominal pain, massive GI bleeding, or severe hematuria or proteinuria were treated with oral corticosteroid or steroid pulse therapy at the discretion of the clinician.
The disease courses of patients were classified into three groups according to symptom relief and relapse and development of GI bleeding, as follows: (a) simple recovery, (b) wax & wane without GI bleeding, and (c) development of GI bleeding. Wax & wane was defined as the relapse of any HSP-related symptoms within 3 months from the initial recovery.
Statistical analysis
Continuous variables, including age, are presented as mean with standard deviation (SD). However, laboratory data including white blood cell (WBC), hemoglobin, platelet, and NLR are presented as median with interquartile range (IQR), because these data are not usually assumed to follow a normal distribution. Categorical variables were presented as sample number with proportion. The NLR according to disease course was compared by Mann-Whitney U test or Kruskal-Walis test. In order to assess the predictive performance of the NLR with respect to disease course, two receiver operating characteristics (ROC) curves were plotted. One was a ROC curve for predicting simple recovery of patients, and the other was that for predicting development of GI bleeding. Subsequently, two cut-off values of NLR were determined based on the Youden index from each ROC curve. Additionally, ROC curves of three other laboratory markers, including mean platelet volume (MPV), erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP), were plotted. All statistical analyses were performed using the statistical software program SPSS for Windows (version 18.0; SPSS Inc., Chicago, IL, USA).
Results

Baseline characteristics
Among the 145 patients who were diagnosed with HSP, 83 who were younger than 18 years were excluded. In addition, one patient with Crohn's disease taking mesalazine was excluded. As a result, 61 patients with HSP were retrospectively analyzed in the study. All patients were followed until full recovery or death. The median follow-up duration of patients was 34 days (IQR, 15-87 days). The mean age was 47 years, and 55.7% of patients were men (Table 1) . Palpable purpura was shown in all patients. Twenty (32.8%) and 15 (24.6%) patients had diffuse abdominal pain and arthralgia, respectively.
Laboratory tests and disease course
The results of the demographics, initial laboratory tests, treatment methods, and disease courses according to the GI bleeding are presented in Table 2 . Of the 61 patients, 17 (27.9%) showed GI bleeding. In patients with GI bleeding, the median follow-up duration was 62 days (IQR, 26-128 days), while that of patients without GI bleeding was 31 days (IQR, 13-69 days). The medians of WBC, neutrophil count, and NLR were higher in the GI bleeding group than in the non-GI bleeding group (median [ , P = 0.048). Proteinuria was more common in the GI bleeding group than in the non-GI bleeding group (52.9% vs. 18.2%, P = 0.010).
In the GI bleeding group, 7 (41.2%), 6 (35.3%), and 4 (23.5%) patients were treated with supportive care, oral corticosteroid, and steroid pulse therapy, respectively. In the four patients taking the steroid pulse therapy, one was identified as having hematuria, one had proteinuria, and two had both conditions in the initial urinalysis. Among the patients with GI bleeding, the renal function of two patients progressed to ESRD on 10 and 35 days from the admission, respectively, despite steroid pulse therapy. Moreover, one patient who showed both GI bleeding and ESRD died from uncontrolled GI bleeding. On the contrary, ESRD did not develop in any patient without GI bleeding. In total, 57.4% of patients recovered without symptom relapse, and 14.8% of patients showed a wax and wane disease course but were ultimately cured without any life-threatening disease, including GI bleeding or ESRD. The remaining 27.9% of patients showed GI bleeding with or without development of ESRD. In cases of GI bleeding, only 41.2% of patients (7 of 17) showed clinical symptoms and signs associated with GI bleeding, including hematemesis, melena, and hematochezia, at the time of their hospital visit. In other words, the remaining 58.8% of patients who showed GI bleeding had no specific symptoms or signs of GI bleeding during the initial visit to the hospital. Five of seven (71.4%) patients who showed GI bleeding before visiting the hospital were treated with steroid therapy, while 5 of 10 (50.0%) who showed GI bleeding after visiting the hospital received steroid therapy. The scatter plot of NLR according to disease course is presented in Fig 1 Optimal cut-off value of NLR Fig 2 shows two ROC curves of four laboratory markers including NLR for predicting the two disease courses of simple recovery and development of GI bleeding. In the ROC curve for simple recovery, the area under the ROC curve (AUROC) of NLR was 78.5% (95% confidence interval [CI], 64.7-92.2%). The optimal cut-off value determined using the Youden index was 3.18, and the sensitivity and specificity of NLR were 74.1% and 75.0%, respectively. In the ROC curve for GI bleeding, the AUROC of NLR was 88.6% (95% CI, 71.8-100.0%), and the optimal cut-off value was 3.90. Using this cut-off value, the sensitivity and specificity were 87.5% and 88.6%, respectively. On the contrary, MPV, ESR, and CRP were not useful for predicting simple recovery (AUROC [95% CI]: MPV, 39.6% [22.4- For the purpose of clinical application, we categorized the study population according to the two cut-off values of NLR (Fig 3) . In patients with a low NLR (<3.18), 82.4% recovered easily without serious complication. However, in patients with a moderate NLR (3.18-3.90), 42.9% suffered from symptom relapse. In cases of patients with a high NLR (3.90), 80.0% showed GI bleeding.
Clinical outcomes of patients with GI bleeding
In Fig 4, the detailed clinical outcomes of 17 patients with GI bleeding are presented. GI bleeding from the stomach or duodenum was identified in 14 patients (82.4%). Jejunal or ileal involvement of HSP was also common (82.4%). Colorectal involvement of HSP was relatively uncommon compared to upper GI tract (35.3%) involvement. Four of six patients with colorectal involvement had accompanying upper GI involvement of HSP. Of the 17 patients with GI bleeding, four required RBC transfusion. ESRD developed in the two patients who showed GI bleeding from the whole GI tract.
Discussion
Although HSP is a systemic vasculitis that occurs predominantly in children [20] , HSP can be of greater concern in adult patients than in pediatric patients because the prognosis is poorer in adults [2, 21, 22] . Adult patients with HSP have more serious GI bleeding and poorer renal prognosis [1] [2] [3] 14, 15] . Our study showed that GI bleeding developed in about 25% of patients. Additionally, 11.8% of patients with GI bleeding (2 of 17) suffered from ESRD. Because all of the patients without GI bleeding fully recovered without serious complications such as ESRD, we think that the development of GI bleeding is not only a significant manifestation of HSP, but also a barometer of overall disease status and prognosis. Therefore, we aimed to identify a laboratory marker for predicting GI bleeding in adult patients with HSP.
In this study, we focused on the NLR, which can be calculated simply using neutrophil and lymphocyte counts, because it is a well-evaluated laboratory marker of various adult diseases associated with inflammation [16] [17] [18] [19] . In addition, a previous study has already demonstrated that the NLR is associated with GI bleeding in pediatric patients with HSP [11] . In that study, the optimal cut-off value for predicting GI bleeding was 2.82, and the sensitivity and specificity were 81.0% and 76%, respectively. Compared to the results for pediatric patients, the predictive performance of the NLR seemed to be superior in adult patients. Our study showed that the optimal cut-off value for predicting GI bleeding was 3.90, and that the sensitivity and specificity were 87.5% and 88.6%, respectively. Moreover, we determined that the NLR is also useful in predicting patient recovery without symptom relapse. For the purpose of predicting recovery without symptom relapse, the optimal cut-off value was 3.18. Using this cut-off value, the sensitivity and specificity for predicting a simple recovery were 74.1% and 75.0%, respectively. Therefore, the disease course in adult patients with HSP can be predicted using these two cutoff values, 3.18 and 3.90. If a patient shows a low NLR (<3.18), the risk of GI bleeding may be low (less than 3%). Additionally, most of these patients (more than 80%) will recover without symptom relapse. When a patient shows a moderate NLR (3.18-3.90), the risk of GI bleeding may be still low. However, a significant risk of symptom relapse (about 40%) is expected in these patients. Finally, if a patient shows a high NLR (3.90), the risk of GI bleeding increases up to about 80%. Only about 15% of these patients will recover without symptom relapse or GI bleeding.
Our model for predicting disease course can be useful in clinical practice, because the clinical symptoms and signs of GI bleeding may be delayed. Although the treatment method in our study was selected at the discretion of the clinician, it may depend on potentially-life threatening diseases, such as GI bleeding. Only 28.6% of patients (2 of 7) who showed GI bleeding before visiting the hospital were treated with supportive care, while 50.0% of patients (5 of 10) who showed GI bleeding after visiting the hospital received supportive care. If we can anticipate GI bleeding even though there are no initial symptoms or signs, early corticosteroid treatment can be administered.
Additionally, our data may provide a diagnostic strategy for evaluating GI bleeding. One of the interesting findings of our study is that upper GI involvement was common in patients who showed GI bleeding. Fourteen of 17 patients (82.4%) who showed GI bleeding had bleeding focused in the stomach or duodenum. Additionally, a considerable proportion of patients (66.7%) who showed colorectal involvement had lesions in the stomach or duodenum. These results imply that EGD should be considered in the initial workup of GI bleeding. Based on the data, we recommend EGD as an initial choice for GI bleeding evaluation in patients who show melena or hematemesis. Additionally, in the case of patients who show hematochezia, both EGD and colonoscopy are recommended, because there may be gastric and duodenal involvements as well as colorectal involvement.
Although this study was the first to evaluate the usefulness of the NLR for predicting disease course in adult patients with HSP, it has several limitations. The retrospective design of the study is the first limitation, as we could not control the treatment method used in the study population. Patients who showed GI and renal involvement tended to be treated with aggressive method such as steroid pulse therapy. Although we think that the poor prognosis of these patients may have been due to the severe disease manifestation rather than the steroid pulse therapy, the possible effects of different treatment modalities on prognosis should not be ignored. The small sample size is another limitation. Although we identified the association between NLR and disease course in HSP patients, external validation is mandatory to provide a definitive conclusion and establish a widely acceptable cut-off value of NLR.
Despite these limitations, our data provide a better understanding of the disease course of adult patients with HSP and the utility of NLR as a prognostic marker. The NLR is useful for predicting development of GI bleeding as well as simple recovery without symptom relapse. Two different cut-off values of NLR, 3.18 for predicting an easy recovery without symptom relapse and 3.90 for predicting GI bleeding can be used in adult patients with HSP.
